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(54) RAKE receiver with adaptive delay profile measurement 



(57) A demodulating apparatus can reduce the pow- 
er consumption significantly comparing to the conven- 
tional one without the reception quality being degraded. 
The delay profile measuring means (41 ) is provided in 
which the delay profile (S41 ) of the baseband signal (S6) 
is measured while changing the measuring time for 



measuring the delay profile of the baseband signal, so 
that the measuring time can be held down to the mini- 
mum with avoiding the degradation of the reception 
power level. Thereby, the power consumption can be 
significantly reduced comparing to the conventional one 
without the reception quality being degraded. 
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Description 

[0001] This invention relates to a demodulating apparatus and a demodulating method. Particularly, but not exclu- 
sively, it is applicable to a portable telephone. 

5 [0002] There exists a portable telephone as a mobile communication system which has spread remarkably. Various 
communication methods of the portable telephone have been proposed. The typical one is the code division multiple 
access (CDMA) method. The CDMA method has been proposed and put to practical use as the IS -95 (Interim Standard- 
95) Standards in the U.S. Recently, in the standardization project of the next generation mobile communication system 
called IMT2000 (International Mobile Telecommunication 2000) which is being carried out by the International Tele- 

10 communication Union (ITU), the CDMA method is also viewed as a strong communication method for the next gener- 
ation. 

[0003] The CDMA method is a communication method using so-called spread spectrum communication method, in 
which at a transmitting side, a code sequence to be transmitted is multiplied by a spread code sequence having the 
speed much higher than that of the code sequence to be transmitted so as to spread the code sequence, and at a 

is receiving side ; the code sequence is inversely spread by using the same spread code sequence as the spread code 
sequence used at the transmission. The maximum period code sequence is generally used as the spread code se- 
quence. The maximum period code sequence is a code sequence having the characteristics that a correlation between 
different codes is independent and the auto-correlation function is like impulse. Therefore, at the receiving side, the 
received code sequence cannot be demodulated if it is not multiplied by the spread code sequence which is the same 

20 as that of the transmitting side and having the same timing as that of the transmitting side. Thus, the CDMA method 
is a superior communication method to achieve confidentiality since it is difficult for a third party to hear the transmitted 
contents. Moreover, the CDMA method assigns a different spread code sequence for each mobile station, so that an 
interference problem will not occur even if the same frequency is used. 

[0004] Hereinafter, the principle of the spread spectrum will be explained, "s," denotes a transmission signal here. 
25 The transmission signal si is a signal sequence of the complex number comprising a symbol length T sym . "cj" denotes 
a spread code. The spread code cj is a signal sequence of the complex number comprising a tip length T chjp . "j" denotes 
a time series symbol number and the maximum value is "J". The spread code c } is the maximum period code sequence 
having the period J MAX , and the auto-correlation is like impulse. That is, the auto-correlation is obtained by the following 
equation (1): 

30 



35 



45 



SO 



55 



(A (k - 0) 

> Cj C {j+k)%jMAX = 6(k) - J 

fa ( 0 (* * 0) 



(l) 



40 Note that "c*" denotes the conjugate of c and H %" denotes a residue arithmetic. 

[0005] Further, the spread code Cj is independent of the spread code Cj' having the same period J MAX as that of the 
spread code Cj. This is indicated by the following equation (2): 



^ Cj C 1 {j+k)%jMAX ~ 0 



. . . (2) 

At the transmitting side, the spreading of the transmission signal Sj which is performed by using the spread code Cj is 
indicated by the following equation (3): 
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In this case, as shown in Figs. 1A to 1C, because the symbol length T sym (Fig. 1 A) of the transmission signal Sj is 
extremely longer than the tip length T chjp (Fig. 1B) of the spread code c y the spread transmission signal Xj is spread 
into a very wide area comparing to the original transmission signal Sj (Fig. 1C). 

[0006] On the contrary, at the receiving side, by using the spread code sequence which is the same code sequence 
as that of the transmitting side and has the same timing, the received code sequence is inversely spread by the following 
equation (4): 



y (iTsym) = ^ X (iTsym + jTchip) Cj* 

7-1 
J 

= Cj Cj* - A 6i 



(4) 



20 and the transmission signal Sj is demodulated. If the timing of the spread codes generated at the recording side deviates, 
the receiving side performs the inversely spreading by the following equation (5): 



y (iTsym) = V X (iTsym + jTchip) Cj* 
J 

= Cj + k Cj* = 0 



30 7-1 

... (5) 



35 and the transmission signal Sj can not be demodulated. In this way, in the spread spectrum communication, the inversely 
spread codes which is the same code sequence as the code sequence used at the transmission side and has the 
same timing is convoluted into a reception signal, so as to demodulate the reception signal. 

[0007] In the portable telephone, the multipath fading that the reception level changes moment by moment occurs. 
Hereinafter, the multipath fading will be explained with referring to Fig. 2 and Fig. 3. An electric wave from a base 

40 station is reflected and diffracted by the buildings and then is transmitted as plural scattered waves. The portable 
telephone receives the plural scattered waves transmitted through respective transmission paths. For example, as 
shown in Fig. 2, the plural scattered waves 1 are received by an antenna 3 of an automobile 2 which has a portable 
telephone. The portable telephone then combines these plural scattered waves and demodulates them. 
[0008] The transmission paths of the scattered waves respectively have the different transmission time so that the 

45 transmission characteristics respectively have a predetermined frequency response. This produces the linear distortion 
called inter-code interference in the reception signal. The inter-code interference is a phenomenon that at the receiving 
timing of a predetermined symbol, the influence of symbols before and after the symbol is added in accordance with 
the impulse response .of the transmission path, so that a code decision error increases. Generally, the code decision 
error remarkably increases when the delay time t of each scattered wave is the same degree and over as the tip length 

50 T chjp of the spread code. Such transmission path of the scattered wave is indicated by the following equation (6): 



55 
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h (f) = ai d (t - n) + ai 6 (t - rz) + asd (t - n) 



5 



Cln 6 {t - Tn) 



n - 1 



(6) 



70 



Note that "N" is the number of the scattered waves, "a^' is the complex gain showing the attenuated amount of each 
scattered wave and the phase rotation, and "T n " is the delay time of each scattered wave. These values of N, a n: and 
x n change at random. Thereby, the linear distortion also changes moment by moment. 

[0009] As a receiving apparatus for compensating the linear strain caused by the multipath fading, there is a RAKE 
15 receiver. The RAKE receiver divides the multiwaves due to the multipath lading for each transmission path to generate 
plural scattered waves, and inversely spreads each ot the scattered waves to combine them, thereby decreasing the 
linear distortion. Hereinafter, the RAKE receiver will be explained with referring to Fig. 3. 

[0010] The RAKE receiver 10 inputs a reception signal SI received by an antenna 11 to a high frequency amplifier 
12. The high frequency amplifier 12 amplifies the reception signal S1 and outputs the resultant high frequency signal 

20 S2 to a frequency converter 13. The frequency converter 13 frequency-converts the high frequency signal S2 and 
outputs the resultant intermediate frequency signal S3 to an intermediate frequency amplifier 14. The intermediate 
frequency amplifier 14 amplifies the intermediate frequency signal S3 and outputs the intermediate frequency signal 
S4 to a filter 1 5. The filter 1 5 removes out-of-band unnecessary components or noise from the intermediate frequency 
signal S4 and outputs the resultant intermediate frequency signal S5 to an orthogonal detector 16. 

2S [0011] The orthogonal detector 16 demodulates the intermediate frequency signal S5 based on the demodulation 
method of the orthogonal detecting method and outputs the resultant baseband signal S6 to a demodulator 17. The 
demodulator 17 inversely spreads the baseband signal S6 to generate demodulated data S7 and outputs this to an 
error correcting circuit 18. The error correcting circuit 18 error-corrects the demodulated data S7 and outputs the re- 
sultant demodulated data S8 to an audio decoder 1 9. The audio decoder 1 9 performs a predetermined demodulation 

30 processing on the demodulated data S8 and outputs the resultant audio signal S9 to an exterior through a speaker 20. 
[001 2] Here, the constitution of the demodulator 1 7 will be explained concretely with reference to Fig. 4. The demod- 
ulator 17 inputs the baseband signal S6 output from the orthogonal detector 18 to an analog-to-digital converter 30. 
The analog-to-digital converter 30 analog-to-digital converts the baseband signal S6 and outputs the resultant reception 
data S20 to a delay profile measuring circuit 31 and an inversely spread circuits 32A to 32C. 

35 [0013] The delay profile measuring circuit 31 is generally called a matched filter and uses a finite impulse response 
(FIR) filter which is a digital filter As shown in Fig. 5, the delay profile measuring circuit 31 is composed of a delay 
circuit 31 A comprising a plurality of delay devices, a multiplying circuit 31 B comprising a plurality of multipliers corre- 
sponding to the delay devices, and a combining circuit 31 C for combining the multiplied results output from the multi- 
plying circuit 31 B. Reception data S20 comprising a bit sequence is input to the delay circuit 31 A. the delay circuit 31 A 

40 successively shifts the bits of the reception data S20 and outputs them to the multiplying circuit 31 B. 

[0014] The multiplying circuit 31 B multiplies the bits output from the delay circuit 31 A by the codes respectively set 
in the multipliers constituting the multiplying circuit 31 B, and outputs the multiplied results to the combining circuit 31 C. 
The combining circuit 31 C combines the multiplied results output from the multipliers of the multiplying circuit 31 B to 
obtain the correlation value. In this way, the delay profile measuring circuit 31 inversely spreads each scattered wave 

45 included in the reception data S20 one by one and measures the power level, so as to generate the delay profile S21 
showing the power level distribution of each scattered wave to the delay time, to output this to an assigning circuit 32. 
[0015] The assigning circuit 32 selects the scattered wave one by one from the scattered wave having the highest 
power level among a plurality of scattered waves based on the measured delay profile S21 , and outputs timing signals 
S22Ato S22C showing the reception timings of the selected scattered waves to corresponding inversely spread circuits 

so 32A to 32C. 

[001 6] For example, as shown in Fig. 6, the delay profile measuring circuit 31 produces the delay profile S21 showing 
the distribution of the power level of scattered waves to the delay times t-, to t 7 . Since the delay profile S21 is determined 
by topography, streets, and so on, it is constant between several tens milliseconds and several seconds. The assigning 
circuit 32 selects the scattered waves of the delay times t 3 , t 4 , t 5 among the scattered waves of the delay times x-, to 
55 x 7 based on the delay profile S21 to generate the timing signals S22A to S22C representing the reception timings. 

[001 7] The inversely spread circuit 32A generates a pseudo-noise code of a timing based on the timing signal S22A 
and inversely spreads the reception data S20 by using the pseudo-noise code. Thereby, the inversely spread circuit 
32A inversely spreads only the scattered wave based on the instruction of the assigning circuit 32 among a plurality 



4 
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of scattered waves, and outputs the resultant inversely spread data S23A to the combining circuit 33. 
[0018] Similarly, the inversely spread circuits 32Band 32C respectively generate pseudo-noise codes having a timing 
based on the timing signals S22B and S22C and inversely spread the reception data S20 by using the pseudo-noise 
codes generated. Thereby, the inversely spread circuits 32B and 32C inversely spread only the scattered wave based 
5 on the instruction of the assigning circuit 32 among a plurality of scattered waves, and output the resultant inversely 
spread data S23B and S23C to the combining circuit 33. 

[0019] The combining circuit 33 synchronizes the timings of the inversely spread data S23A to S23C, and then 
combines the inversely spread data S23A to S23C by the maximum ratio combining method to output the resultant 
combined data S24 to a code demodulating circuit 34. The code demodulating circuit 34 demodulates the combined 
10 data S24 based on a predetermined demodulating method, and outputs the resultant demodulated data S7 to the error 
correcting circuit 18 (Fig. 3) at a later stage. 

[0020] As described above, the demodulator 17 divides the baseband signal S6 into scattered waves different from 
each other in the delay time to inversely spread them, and then combines them again with the delay time and phase 
being matched. This suppresses the generation of the linear distortion. More specifically, the reception signal y(t) is 
is obtained from the above described equation (6) by the following equation (7): 



y (0 = h (0 * x (0 - jj an 6 (t - r„) * x (0 

n - 1 

• • • (7) 

25 Note that "* n denotes the convolution arithmetic. However, the reception signal y(t) is not inversely spread if the inversely 
spread sequence and the timing are not matched. Then : the demodulating circuit 17 respectively inversely spreads 
the scattered waves different from each other in the delay time, compensates the phase of the complex gain a,,, and 
matches the timing of the inversely spread output so as to combine the reception signal y(t). As shown in the following 
equation (8): 

30 

y'(t) = fa„^- x(t) 

35 n = 1 |^ n | 

(8) 



40 the combined signal y'(t) suppresses the linear distortion. In this connection, in the demodulating circuit 17, since the 
number of the inversely spread circuits 32A to 32C which can be provided is limited, the inversely spreading can not 
be performed on all of the scattered waves. 

[0021] In the delay profile measuring circuit 31 described above, the period of the measuring time is generally de- 
termined by the observation value of the delay profile based on the communication system or topography. Normally, 
45 jf it is set to several tens microseconds, the delay profile may be measured widely from a city area through a moun- 
tainous area. Therefore, the delay profile measuring circuit 31 widely sets the measuring time so as to measure the 
delay profile in any situation. 

[0022] However, the period of time where the delay profile distributes is determined by topography or buildings. For 
instance, it is known that the delay profile in a city area has a relatively smalt extent. If the measuring time of the delay 

50 profile is set widely and fixed as the delay profile measuring circuit 31 , the measurement is performed in the period of 
time wider than it is needed regardless of the delay time of the scattered wave. Accordingly, the measuring time be- 
comes long and the power consumption of the delay profile measuring circuit 31 becomes large. 
[0023] To use the portable telephone operated by a battery for a long time, it is necessary to reduce the power 
consumption of the portable telephone. Since the delay profile measuring circuit 31 is driven even in a waiting time, if 

55 the power consumption of the delay profile measuring circuit 31 can be reduced, the power consumption of the entire 
portable telephone can be reduced. In the delay profile measuring circuit 31, there arises a problem that the power 
consumption increases when the measuring time becomes long than it is needed, since the power consumption is 
desired to be reduced. 
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[0024] According to the first aspect of the present invention, there is provided a demodulating apparatus, which has 
a plurality of inversely spread circuits, for inversely spreading baseband signals which are spread-spectrum-modulated 
and transmitted by pseudo-noise codes of different timing in accordance with a plurality of inversely spread circuits, 
thereafter for combining the output from a plurality of inversely spread circuits, comprises: delay profile measuring 

5 means for measuring the delay profile of the baseband signal, while changing the measuring time for measuring the 
delay profile representing the power level of the plural scattered waves which are received at different delay time, the 
delay profile being included in the baseband signal; and assigning means for selecting a desired number of scattered 
waves among from the plural scattered waves included in the baseband signal based on the delay profile measured 
by the delay profile measuring means, and for assigning respective reception timings of the selected scattered waves 

io to corresponding plural inversely spread circuits so as to determine the timing of generating the pseudo-noise codes. 
[0025] According to the second aspect of the present invention, there is provided a demodulating method performed 
by a demodulating apparatus, which has a plurality of inversely spread circuits, for inversely spreading baseband 
signals which are spread-spectrum-modulated and transmitted by pseudo-noise codes of different timing in accordance 
with a plurality of inversely spread circuits, thereafter for combining the output from a plurality of inversely spread 

f5 circuits, comprises the steps of: measuring the delay profile of the baseband signal, while changing the measuring 
time for measuring the delay profile representing the power level of the plural scattered waves which are received at 
different delay time, the delay profile being included in said baseband signal; and selecting a desired number of scat- 
tered waves among from the plural scattered waves included in the baseband signal based on the delay profile meas- 
ured, and assigning respective reception timings of the selected scattered waves to corresponding plural inversely 
20 spread circuits so as to determine the timing of generating the pseudo-noise codes. 

[0026] With either aspect, preferably, while changing the measuring time for measuring the delay profile of the base- 
band signal, the delay profile of the baseband signal is measured, so that the measuring time can be held down to the 
minimum time it is needed, with the degradation of the reception power level being avoided. 

[0027] Embodiments of this invention can provide a demodulating apparatus and demodulating method which can 
25 reduce the power consumption significantly compared to a conventional one without the significant degradation of the 
reception quality. 

[0028] Preferred embodiments of this invention will be described by way of non -I imitative example with reference to 
the accompanying drawings, in which like parts are designated by the reference numerals or characters and in which: 

30 Figs. 1Ato 1C are schematic diagrams explaining the principle of spread; 

Fig. 2 is a schematic diagram explaining the multipath fading; 

Fig. 3 is a block diagram showing a conventional RAKE receiver; 

Fig. 4 is a block diagram showing the constitution of a conventional demodulator; 

Fig. 5 is a block diagram showing the constitution of a delay profile measuring circuit; 
3$ Fig. 6 is a table showing the delay profile; 

Fig. 7 is a block diagram showing the constitution of a demodulator according to the present invention; 

Fig. 8 is a table showing the delay profile; 

Fig. 9 is a flowchart showing a method of demodulation; 

Fig. 10 is a table showing the delay profile according to other embodiment; and 
40 Fig. 11 is a table showing the delay profile according to other embodiment. 

[0029] As shown in Fig. 7 where the portions corresponding to those of Fig. 4 are designated with the same symbols, 
a demodulator 40 divides a baseband signal S6 into a plurality of scattered waves each having a different delay time 
to inversely spread them, and then combines them. The demodulator 40 inputs the baseband signal S6 output from 
45 an orthogonal detector 16 (Fig. 3) to an analog-to-digital converter 30. The analog-to-digital converter 30 analog-to- 
digital converts the baseband signal S6 and outputs the resultant reception data S20 to a delay profile measuring circuit 
41 and inversely spread circuits 32A to 32C. 

[0030] Based on measuring*! ime information S40 supplied from a delay spread measuring circuit 42, the delay profile 
measuring circuit 41 inversely spreads the scattered waves included in the period of time indicated by the measuring 
so time information S40 among a plurality of scattered waves included in the reception data S20 one by one, and measures 
the power level. The delay profile measuring circuit 41 generates the delay profile S41 representing the power level 
distribution of scattered waves to the delay time, and outputs this to the delay spread measuring circuit 42 and an 
assigning circuit 43. 

[0031] The delay spread measuring circuit 42 determines the next measuring time in the delay profile measuring 
ss circuit 41 in accordance with call quality information S42 supplied from a signal interference ratio (SIR) measuring 
circuit 44, and outputs this to the delay profile measuring circuit 41 as the measuring time information S40. The assigning 
circuit 43 selects a scattered wave one by one from the scattered wave having the highest power level among a plurality 
of scattered waves based on the delay profile S41 output from the delay profile measuring circuit 41 , and outputs timing 



6 



BNSDOCID: <EP 0945995A2_L> 





» 



EP 0 945 995 A2 



signals S22A to S22C showing the reception timings of the selected scattered waves to corresponding inversely spread 
circuits 32A to 32C. 

[0032] For example, as shown in Fig. 8, the delay profile measuring circuit 41 measures the distribution of the power 
level of scattered waves to the delay times i n to x 7 in the range of the measuring time Tl which is set as a default 
5 value, to generate the delay profile S41 , and outputs this to the delay spread measuring circuit 42 and the assigning 
circuit 43. The assigning circuit 43 then selects the scattered waves of the delay times t 3 , t 4 , and x 5 among the scattered 
waves of the delay times t-, to t 7 based on the delay profile S41, and generates the timing signals S22A to S22C 
showing the reception timing. 

[0033] On the other hand, the delay spread circuit 42 determines the second measuring time Ts from the delay profile 
10 S41 output from the delay profile measuring circuit 41, and outputs this to the delay profile measuring circuit 41 as 
measuring time information S40. The delay profile measuring circuit 41 starts to measure at a timing delayed by a 
predetermined time from the first measuring time, based on the measuring time information S40. After the measuring 
time Ts has passed, the measurement is terminated. At the third measuring time, the delay spread circuit 42 selects 
one of the measuring times T1 and Ts in accordance with the call quality information S42 supplied from the SIR meas- 
15 uring circuit 44, and outputs this to the delay profile measuring circuit 41 as measuring time information S40. After this, 
the above-described operation is repeated successively. 

[0034] Returning to Fig. 7, the inversely spread circuit 32A generates a pseudo-noise code of a timing based on the 
timing signal S22A supplied from the assigning circuit 43, and inversely spreads the reception data S20 by using the 
pseudo-noise code. The inversely spread circuit 32A inversely spreads only the scattered wave based on the instruction 
20 of the assigning circuit 43 among a plurality of scattered waves, and outputs the resultant inversely spread data S23A 
to the combining circuit 33. 

[0035] Similarly, the inversely spread circuits 32B and 32C respectively generate pseudo-noise codes of timings 
based on the timing signals S22B and S22C supplied from the assigning circuit 43, and inversely spread the reception 
data S20 by using the generated pseudo-noise codes. The inversely spread circuits 32B and 32C inversely spread 
2S only the scattered wave based on the instruction of the assigning circuit 43 among a plurality of scattered waves, and 
output the resultant inversely spread data S23B and S23C to the combining circuit 33. 

[0036] The combining circuit 33 synchronizes the timing of the inversely spread data S23A to S23C, then combines 
the inversely spread data S23A to S23C by the maximum ratio combining method, and outputs the resultant combined 
data S24 to the SIR measuring circuit 44 and a code demodulating circuit 34 The SIR measuring circuit 44 obtains 

30 the current call quality 7 from the combined data S24 to compare it to the call quality r which is desired by a receiver, 
and outputs the compared result to the delay spread measuring circuit 42 as the call quality information S42. Further, 
the code demodulating circuit 34 demodulates the combined data S24 based on a predetermined demodulating method, 
and outputs the resultant demodulated data S7 to the error correcting circuit 18 (Fig. 3) at a later stage. 
[0037] In this connection, even if the delay profile is changed, the delay profile measuring circuit 41 can accept the 

3S change if the measuring time is intermittently extended. Generally, the period that the timing signals S22A to S22C are 
assigned to the inversely spread circuits 32A to 32C is several milliseconds to several tens milliseconds. On the other 
hand, the time that the delay profile changes is several hundreds milliseconds and over, and the change speed is late. 
In this way, the delay profile measuring circuit 41 can avoid the degradation of the reception power level only by ex- 
tending the measuring time intermittently, so that the measuring time of the delay profile can be limited to the minimum 

40 with the degradation of the reception power level being avoided. Especially, since the delay profile is not changed when 
an user does not move : we can obtain the effect sufficiently. 

[0038] Here, the demodulating method of the reception data S20 will be explained using Fig. 9. At step SP2 entering 
from step SP1, the delay profile measuring circuit 41 measures the distribution of the power level of scattered waves 
to the delay time in the range of measuring time T1 which is set as a default value, so as to generate the delay profile 
45 S41 , and outputs this to the delay spread measuring circuit 42 and the assigning circuit 43. 

[0039] At step SP3, the delay spread circuit 42 obtains delay spread a which is the standard deviation from the delay 
profile S41 output from the delay profile measuring circuit 41 by the following equation (9): 



Note that "P" denotes the reception signal power, "p(r) M denotes the delay profile, and the average value "mf is cal- 



so 




ss 



(9) 
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culated by the following equation (10): 



5 



mx 



(10) 



10 

[0040] Next, the delay spread circuit 42 uses the delay spread a to calculate the second measuring time Ts by the 
following equation (11): 



and the delay spread circuit 42 outputs this to the delay profile measuring circuit 41 as the measuring time information 
S40. Note that "a" is a constant which has been previously determined. 

[0041] At step SP4, the assigning circuit 43 selects a scattered wave one by one from the scattered wave having 
the highest power level among a plurality of scattered waves, based on the delay profile S41 . The assigning circuit 43 
then outputs the timing signals S22A to S22C showing the timings of the selected scattered waves to corresponding 
inversely spread circuits 32A to 32C. 

[0042] At step SP5, the inversely spread circuits 32A to 32C respectively generate the pseudo-noise codes of the 
timing based on the timing signals S22A to S22C, and inversely spread the reception data S20 by using the pseudo- 
noise codes, so as to inversely spread only the scattered wave based on the instruction of the assigning circuit 43 
among a plurality of scattered waves and output the resultant inversely spread data S23Ato S23C to the combining 
circuit 33. The combining circuit 33 combines the inversely spread data S23A to S23C by the maximum ratio combining 
method. 

[0043] At step SP6, the delay profile measuring circuit 41 generates the delay profile S41 within the extent of the 
measuring time Ts based on the measuring time information S40 output from the delay spread circuit 42, and outputs 
this to the delay spread measuring circuit 42 and the assigning circuit 43. At step SP7, the assigning circuit 43 selects 
a desired scattered wave among a plurality of scattered waves based on the delay profile S41 , and outputs the timing 
signals S22A to S22C showing the reception timing to corresponding inversely spread circuits 32A to 32C. 
[0044] At step SP8, the inversely spread circuits 32A to 32C inversely spread the reception data S20 based on the 
timing signals S22A to S22C, so that only the desired scattered wave is respectively inversely spread among a plurality 
of scattered waves and the resultant inversely spread data S23A to S23C are output to the combining circuit 33. The 
combining circuit 33 combines the inversely spread data S23A to S23C and outputs the resultant combined data S24 
to the SIR measuring circuit 44. 

[0045] At step SP9, the SIR measuring circuit 44 obtains the current call quality 7 from the combined data S24 to 
compare the current call quality 7 to the call quality r which is desired by the receiver, and outputs the compared result 
to the delay spread circuit 42 as the call quality information S42. When the current call quality 7 is inferior to the desired 
call quality r based on the call quality information S42, the delay spread circuit 42 proceeds to step SP2 to set the 
measuring time to T1 . When the current call quality 7 is superior to the desired call quality r, the delay spread circuit 
42 proceeds to step SP6 to set the measuring time to Ts. 

[0046] In the above construction, the delay profile measuring circuit 41, at the first measurement, measures the 
distribution of the power level of scattered waves to the delay time within the range of the measuring time T1 set as a 
default value so as to generate the delay profile S41 , and outputs this to the delay spread measuring circuit 42. The 
delay spread measuring circuit 42 calculates the delay spread o from the delay profile S41 , and uses the delay spread 
o to obtain the minimum measuring time Ts which is shorter than the first measuring time T1 . 

[0047] The delay profile measuring circuit 41, at the second measurement, measures the delay profile S41 within 
the range of the measuring time Ts calculated at the first measurement, and outputs this to the delay spread measuring 
circuit 42. The delay spread measuring circuit 42 judges the call quality based on the call quality information S42 
supplied from the SIR measuring circuit 44, and continuously sets the measuring time to Ts at the third time when the 
call quality at this measurement is superior to the desired call quality, and on the contrary, sets the measuring time to 
a default value T1 again at the third time when the call quality at this time is inferior to the desired one. After the fourth 
time, the operation described above wil! be successively repeated. 

[0048] In this way, the delay spread o is calculated from the delay profile S41 and the delay spread a is used to 
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calculate the measuring time, so that the measuring time of the delay profile measuring circuit 41 can be held down 
to the minimum which does not affect the reception power level. Therefore, the power consumption of the delay profile 
measuring circuit 41 can be reduced significantly comparing to the case where the wide time range is measured as a 
conventional one, while holding the constant call quality. Since the delay profile measuring circuit 41 is driven even in 
s a waiting time, the reduction of the power consumption of the delay profile measuring circuit 41 results in the reduction 
of the power consumption of the portable telephone entirely. 

[0049] According to the construction described above, the delay spread a is calculated from the delay profile S41 
and the delay spread a is used to calculate the measuring time, so that the measuring time can be held down to the 
minimum while avoiding the degradation of the reception power level. Thereby, the power consumption can be reduced 

10 extremely comparing to the conventional one without the degradation of the call quality (i.e., reception quality). 

[0050] The above described embodiment has been dealt with a case where the delay spread a is calculated from 
the delay profile S41 and the delay spread a is used to calculate the measuring time. However, the present invention 
is not limited to this, but as shown in Fig. 10, after a scattered wave having the maximum power level is selected among 
a plurality of scattered waves measured within the measuring time T1 and a desired number of waves before and after 

15 the scattered wave are selected, if the time range including the selected scattered waves is set to the measuring time 
T SP , the same effect as described above can be also obtained. 

[0051] Further, the embodiment described above has been dealt with a case where the delay spread a is calculated 
from the delay profile S41 and the delay spread a is used to calculate the measuring time. However, the present 
invention is not limited to this, but as shown in Fig. 11 , if the power level for securing the minimum call quality it is 
20 needed being is set as the threshold value P s and the time range including the scattered waves having the power level 
exceeding the threshold value P s is set to the measuring time T ss , the same effect as described above can be also 
obtained. 

[0052] Further, the embodiment described above has been dealt with a case where the delay spread a is calculated 
from the delay profile S41 and the delay spread o is used to calculate the measuring time. However, the present 
25 invention is not limited to this, but, after the power level for securing the minimum call quality it is needed is set as the 
threshold value and a desired number of scattered waves are selected in order of the highest power level, if the time 
range including the selected scattered waves is set to the measuring time, the same effect as described above can be 
also obtained. 

[0053] Further, the embodiment described above has been dealt with a case where the electrical power distribution 
30 of scattered waves to the delay time is measured. However, the present invention is not limited to this, but it is regarded 
that the scattered waves are not delayed when the delay spread o is a predetermined value (e.g., values under one 
chip of the spread code sequence), and only scattered wave having the highest power level can be inversely spread 
among respective scattered waves. 

[0054] Further, the above described embodiment has been dealt with a case where the measuring time is shortened 
35 in accordance with the reception quality. However, the present invention is not limited to this, but, after the measuring 
time is set widely when a desired reception quality can not be secured, if the delay profile is measured again, the same 
effect as described above can be also obtained. 

[0055] Further, the above described embodiment has been dealt with a case where the measuring profile S41 is 
measured within the measuring time based on the measuring time information S40 supplied from the delay spread 
40 circuit 42. However, the present invention is not limited to this, but in short, the delay profile may be measured, changing 
the measuring time. 

[0056] Further, the above described embodiment has been dealt with a case where the current call quality 7 is com- 
pared to the desired call quality r, and the measuring time is set to a default value T1 when the current call quality y 
is inferior to the desired call quality r, and the current measuring time Ts is used as it is when the current call quality 
45 y js superior to the desired call quality r However, the present invention is not limited to this, but the measuring time 
is set to be extended when the current reception quality is inferior to the minimum reception quality it is needed, and 
the measuring time is set to the same period or to be shortened when the current reception quality is superior to the 
minimum reception quality it is needed. 

[0057] While there has been described in connection with the preferred embodiments of the invention, it will be 
50 obvious to those skilled in the art that various changes and modifications may be aimed, therefore, to cover in the 
appended claims all such changes and modifications as fall within the true spirit and scope of the invention. 



Claims 

ss 

1. A demodulating apparatus, which has a plurality of inversely spread circuits, for inversely spreading baseband 
signals which are spread-spectrum-modulated and transmitted by pseudo-noise codes of different timing in ac- 
cordance with said plurality of inversely spread circuits, thereafter for combining the output from said plurality of 
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inversely spread circuits, comprising: 

delay profile measuring means for measuring the delay profile of said baseband signal while changing the 
measuring time for measuring said delay profile representing the power level of the plural scattered waves 
which are received at different delay time, said delay profile being included in said baseband signal; and 
assigning means for selecting a desired number of scattered waves among from the plural scattered waves 
included in said baseband signal based on said delay profile measured by said delay profile measuring means, 
and for assigning respective reception timings of the selected scattered waves to corresponding plural inverse- 
ly spread circuits so as to determine the timing of generating said pseudo-noise codes. 

A demodulating apparatus according to claim 1 , further comprising 

delay spread measuring means for calculating the delay spread being the standard deviation of the delay 
profile from said delay profile, so as to determine said measuring time based on the delay spread, wherein 
said assigning means selects the scattered wave one by one from the scattered wave having the highest 
power level, among the plural scattered waves included in said baseband signal. 

A demodulating apparatus according to claim 2, further comprising 

reception quality measuring means for measuring the current reception quality based on the combined result 
that the outputs from said plurality of inversely spread circuits are combined, to compare the reception quality 
to the minimum reception quality needed, wherein 

said delay spread means or said delay profile measuring means sets the measuring time to be lengthened 
when the current reception quality is inferior to the minimum reception quality it is needed based on the com- 
pared result output from said reception quality measuring means, and sets the measuring time to the same 
time or to be shortened when the current reception quality is superior to the minimum reception quality needed. 

A demodulating apparatus according to any one of the preceding claims, wherein said delay profile measuring 
means measures the delay profile of the baseband signal based on the measuring time supplied from said assigning 
means. 

A demodulating apparatus according to claim 4, wherein said assigning means selects the scattered wave one by 
one from the scattered wave having the highest power level among a plurality of scattered waves included in said 
baseband signal based on said delay profile measured by said delay profile measuring means, and sets the time 
range including the selected scattered waves to the measuring time to give this to said delay profile measuring 
means. 

A demodulating apparatus according to claim 4, wherein said assigning means selects the scattered wave having 
the power level sufficient to secure the minimum call quality it is needed among a plurality of scattered waves 
included in said baseband signal based on said delay profile measured by said delay profile measuring means, 
and sets the time range including the selected scattered waves to the measuring time to give this to said delay 
profile measuring means. 

A demodulating apparatus according to claim 4, wherein said assigning means selects a desired number of the 
scattered waves in order of the highest power level among the scattered wave having the power level sufficient to 
secure the minimum call quality it is needed, and sets the time range including the selected scattered waves to 
the measuring time to give this to said delay profile measuring means. 

A demodulating method for operating a demodulating apparatus which has a plurality of inversely spread circuits 
for inversely spreading baseband signals which are spread-spectrum-modulated and transmitted by pseudo-noise 
codes of different timing in accordance with said plurality of inversely spread circuits, thereafter for combining the 
output from said plurality of inversely spread circuits, comprising the steps of: 

measuring the delay profile of said baseband signal, while changing the measuring time for measuring said 
delay profile representing the power level of the plural scattered waves which are received at different delay 
time, said delay profile being included in said baseband signal; and 

selecting a desired number of scattered waves among from the plural scattered waves included in said base- 
band signal based on said delay profile measured, and assigning respective reception timings of the selected 
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scattered waves to corresponding plural inversely spread circuits so as to determine the timing of generating 
said pseudo-noise codes. 

9. A demodulating method according to claim 8, comprising the steps of: 

5 

calculating the delay spread being the standard deviation of the delay profile from said delay profile, so as to 
determine said measuring time based on the delay spread; 

measuring said delay profile of said baseband signal based on the measuring time; and 
selecting the scattered wave one by one from the scattered wave having the highest power level, among the 
10 plural scattered waves included in said baseband signal based on the delay profile. 

10. A demodulating method according to claim 9, comprising the steps of: 

measuring the current reception quality based on the combined result that the outputs from said plurality of 
15 inversely spread circuits are combined, to compare the reception quality to the minimum reception quality it 

is needed; and 

based on the compared result, setting the measuring time to be lengthened when the current reception quality 
is inferior to the minimum reception quality it is needed, and setting the measuring time to the same time or 
to be shortened when the current reception quality is superior to the minimum reception quality it is needed. 

20 

11. The demodulating method according to any one of claims 8 to 10, comprising the step of selecting the scattered 
wave one by one from the scattered wave having the highest power level among a plurality of scattered waves 
included in said baseband signal based on said delay profile measured; setting the time range including the selected 
scattered waves to the measuring time; and measuring the delay profile of the baseband signal based on the 

25 measuring time. 

12. The demodulating method according to any one of claims 8 to 10, comprising the step of selecting the scattered 
wave having the power level sufficient to secure the minimum call quality it is needed among a plurality of scattered 
waves included in said baseband signal based on said delay profile measured; setting the time range including 

30 the selected scattered waves to the measuring time; and measuring the delay profile of the baseband signal based 

on the measuring time. 

13. The demodulating method according to claim 10, comprising the step of 

selecting a desired number of the scattered waves in order of the highest power level among the scattered wave 
35 having the power level sufficient to secure the minimum call quality it is needed; setting the time range including 

the selected scattered waves to the measuring time; and measuring the delay profile of the baseband signal based 
on the measuring time. 
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FIG. 1B 
(RELATED ART) 

FIG. 1C 
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